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SUMMARY

A series of tensib -strength and ehear-strength tests were mde
on age-hardened 17S-T rivets machtie-countersunk in 75 S-T sheet. The
riveted ~oints were ,constructed.by the NACA reverse-driving method
of countersunk riveting; the angle of countersink was 60° and.the
depth of countersink was half the rivet dtameter or 1.25 times the
sheet thiclmess, whichever was le6s. The results of the tests indicated
that such joints can he made satisfactorily with regard to both __ ““._
flushness and strength, if the ratio of buck (the length of rivet ‘
protruding beyond the surface of tho countersunk sheet before Qriy~g )
to diameter of the rivet I.S kept between 0.9 SIX3.1.5. Curves ‘are
presented giv@g the rivet stre.ngtlhin terms of the single-sheet
thickness“for joints in which these limits have 3een observed. “

INTRODUCTION

..
The use of 17’S-T rivets in the.age-hardened condition has

usually been avoided tn the past %ecause such r:ve.tsare harder to
drive than annealed rivets, With the Introduction of h5@e”r-strength
structural alloys, however, use of stronger rivets has become
desirable for develo~ing the full got.entialstreng~ of a structure,
and age‘hardened rivets have in scme cases been used.

ti order to provide data on the strength of age-hardened
17S-T rivets (eometimes designated 17S-’El rivets) and also to stu~”

-.—

the optimum length of rivet for joining sheets of given thicbess by
the NACA reverse-driving method of countersunk riveting, a series
of shear-strength and tensile-strength tests were made on,17S52A rivets””-‘“-

4 in 75S-T aluminum-alloy sheet.
— —

For ccqle.teness, this report includes full details of test.
specimens, test procedure, end data obtained. If, however, the
reader toes not wish to concern himself with these details, he is

.
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referred dtrectly to fQure 3 which shows the procodure for driving
the rivets, to fi~re 19
and to the Conclusion.

The specimene used

which Swmnarizes the significant results,

TEST SPECIMENS

In th~ tensi.le-~tren@h t~ets GOn8i6hd
of two shce~s of 75S-T aluminw alloy of oqua~ nominal thiclmesses
assembled with one 17S+31 rivat, ag shown in figure 1. The sheer
epocimens consistd of two sheets of 75S-3?aluminmn alloy of uqual

nominal thicknesses.assqmbled into a lap joint by two 17SqA rivets
as shown in figure 2.

The NACA flush-riveting p~ocedure (see fig. 3) WEMIused in
the preparation of the Gpocimms. A complete discussion of this
Trocc+duzwis given In refurence 1. Briefly, the method consists
of insertimg a round-head rivet into the uncountorsunk end of the
hcle Ud upsetting the end of the shcnk Into tlm countersink. TIM
ccccessmaterial is milled off with a flush-rivet milling tool similsr
to--theone shown in figure !20of ref~renco 1. $LL1rivets in the
present program wore squeezed hydrcullcally.

The depth of countersink was half tho riv~t diameter or 1.25
times the sheet thickn~s~, whichever WSE l.ss. ~0 ~le OH
countersink was 600 and the vr.luesof’the veriables for which tusts
were made are given %n the following table, Shear and tensile
syecimmns wore tested for each combination of variables for which
an “x” appears.

Rjvetl
U.em-lRivet
eter Ilengtk
(in.)1 (h.)—,-. _.
1/8 ~ 1/4.

I 5/16

5/3’2 1/4
5/16
3/8
7/16
1/2

3/16 1/4
7/~6
3/8
7,/16

——,...L.. ——

,——

3:02C—.
x

x

x
x

x
..—

x
x

x
x

—.

0.032...-
x

—.-...-

X
x
,ti

x
—-

X
x
x
x.

Sheet thickness

‘T
.—..

0:040 0.051

X1X

._._L x1 —--

x x

x
x

x
x

‘r x

x x

x

I

x

—J...”— ..

(in.)
— ....—..—-.——.

t+?

3.064’ O.08JJO:0 10.102—.. . . ... —- -—..-
X.
x x x x..-.—.- -. — —-

l—

‘ L

:lX .x

x ‘x x
x X1X

L, x 1.X :x

i

L

x x
x

L-

X’x x
x x x x’

—.. .

. . ..—

0.22’-—..

-——

x
x
x
x—..

x

x

x

x

x

x
.—
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TEST PRCCEDUR13

The test procedure for the tensile Eq?ecfmenswas the s- as .__. ‘ _
that described in reference 2-. The speuimena were mounted in the ..
fixtures which are shown in figure 4. The small rods on each of
the fixtures paes through the holes in one of the sheets of the ‘

—

epecimen and beer egainst the other sheet. When load is applied,
the rods pueh the sheets apert an~ tlhussubject the rivet to tensile
load. These spec?.menswere loaded at the rate of hOO younds per
minute until failure, and the maximum loed was recorded. -.

me test procedure for thG dieem specimens was essentially we
same as that descrfbod in reference 3. Loads were applied through
Teruplingrips. The slip of ono Sheet with respect to the other was
measur~d at the edges of the shee& oyposite the riveted joint by
m.eanaof two optical micrometers one on each side of the specimen,
as shown in figure ~. The s~ecimens were subjected to alterna& _
application sad release of load; the load, however, was neyer relgaggd “
below a “zero”value of ~ pounds. The permanent sllp that remained
after each application of load was recorded, as was also the load
causing failure.

All tests were conducted In the 100,OC)O-pound-capaCi.tytesting
machine in the Langley atructwes r~s.m.rchlaboratory. The loads
tndicated by this machine are within one-helf of one percent of the
true loads. The sensitivity of the optical u+-crometerQused for
reading slip is approximately 0.0002 inch. —

Prior to running my test, the specimen was examined and an
apiraisal was made, based on the ap2eamnce of thG coun@rsunk
head, as to whether the rivet had been too long, too short, or
satisfactory for produc~mg a good flush surface. ——

RESULTS AND DISCUSSION

Results
yield load h

of the tests are given in tables 1 h 3, The
these tables is arbitrarily &efined as the sheer load

pm riwt requfred tQ produce a permanent slip equal to 4 percent
of the rivet dbmneter; this definition of yield load is the same
as that used in ~“uference1. The three types of failure .iiidicatid “ –
in the tables are illustrated by figures 6 to 8. In ordsr to
show the general tightn~ss characteristics of’the rivets, load-slip
curves for all the shear specimens are given in f@ures 9 to XL.

—
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The test results are also presented gra~hically in figures W
to 14, in which loads in shear and in tension are plotted against
i.hee~ngle-sheet thickness for each rivet diameter and length.
In order to avoid unnecessm’y confusion of the test points, only
an average value of’yield load is plotteclfor each sheet t~ickness.
The cuwms for maximum load are ~hown as solid lines over the
ramge for which the appraisal before testing indicated that the
rivet len@h was satisfactory.

If a rivet is too ~hort,,it dot>snot pro’vnieenough material b
fill the countersunk cevity; if a rivet is too long, it tends to
buck% to one Bide in driving and leaves an unfilled space on tho
opposite side o~the countersunk cavity. In either case the remlting
rivet is not pwfoctly flush. The requireznontof flushness consequently
sets limits on the range of eh~et thickness over which a given rivet
length should bo used. A minimum which these limits may assune is
indicated by the extent of the eolid.lines in fi~ures J-2b 14.
Those solid lines for each rivet len@h are replottmi in figures 15
to 17, which show that the appraisal.made cm the basis of fluShness_
was eviduntly sufficient to eliminate any rivet tli~ Strm@h of which
was abnormally low in comparison with the main trends of the results.
The solid lines therefor~ denote a remqe within which the rivets
are satisfactory with regard to both flushness and strength. These
ranges are shown in flgmre 18 as horizor~tallima for each rivet
diameter and lmgth (where tmsion @nd shear specimens indicate b“

differtintranges, the mmller rmge was used). Grip length (double-
sheot thickness) is used for the e+b~ciesain figure 18 rather than
sheet thickness to facilitate eaey calculation of buck (rivet length

F

minus grip length}.

A study of the data indicated that the limits fw”obtainlng
satisfactory rivets corresponded ro~hly to constant ratios of buck
to diameter of the rivet. The limiti~ buck-to-diemete.rratios
were found to be approximately 0.9 and 1.5 for all the diameters.
In selecting the limits, it wcs talnm Into con~ideration that the
horizontal ~inee in figure 18 represent on~”mininium rc&ges tho,t—
cculd probably be extended in several ceseo if additim.al te~t-
data were availe,bie.

In order to show tho shear and tensile stv@@& thab-s,ro
achieved with 1.7S-TArivets in 75S-T.sheet when tho buck-to-diameter
ratio is within the limits given, a einglc curve was faired through
uach of the.cowposite curves of f’i~wres.15 t.a17, er.dthe
si~le curves are plotted in figure 19. Avercgo cuxves for the
yield load in shear aro aleo shown. Figure 19 indicates that, with
a buck-to-diameter ratio in the ~ivcn optimmn rmgo,tho ~hear Joints
were ramarkpbly tight, es tlw yield lo&d is in no case substantially
less than $Klyemcent of the tailing load.
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CONCLUSIONS

Tensile-strength and shear-strength

5“.— -

. .

. --

tests were nmde on riveted
Joints constructed by Me NASA reverse%riving method of countersunk
riveting ~ith age-hardened l~SWT rivets (sanetimes designated
17S-T!Arivets) in 75S-T ShOetj the angle of countersink was 60° amd
the depth of countersink was half the rivet diameter or 1.25 tlmoe”

.—

the sheet thickness, whichever was less. The results of the tests
indicated that such joints can be made satisfactorily in regard to
both flushness an~ stremgth if the ratio of %uck (the length of
rivet protruding beyond the surface of the countersunk sheet before
drivfng) to diameter of tiiorivet is kept betm”en 0.9 aid 1.5.
Curves are pz’esentsdgiving the rivet strength in terms of the ‘
s~le-sheet thichess for Joints in which these ltmita ha,~ebeen
observed.

-——_ -

Langley Memcrial Aeronautical Laboratory
National Advisory Committee for Aeronautics

—

Langley Field, V’a.,October 18, 1946
—

.—

.,-
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N’ACA TN No. 1205

TANS 1

7

Tenaton Shear

Sheet AP~ml. TyM of Mex- APPralEIal me of Yield W-
tichem before fallllre load before failure lti loed

kat
(lIl.)

per rivet temt par rivet
(a) (lb) (a)

per rivet
(lb) (lb)

RS7etlength,libIn.
.

.020 “ Sati.9faotory1 w Satisraotorr1 E& 240

.Ceo -----do----- 1 140 -----do----- 1 23a

.020 -----do----- 1 105 -----do---.- 1 23a

.020 -----do----- 1 215 EE

.032 do---------- 1 235 -----do----- 1,2 3&l 400

.032 -----do----- 1 2Q0 1,2)3 420 435

.032 -----do----- 1 230 &---------- 1,2 375 395

.032 -----do----- 1 235

.044J -----do----- 1,2 295 -----do—---‘ 3 4&J m

.040 -----&----- 1,2 335 ----*----- 3 435 450

.040 -----do----- 1,2 325

,051 -----&l----- 1,2 w ----40----- yy
.051 ---------- 1,2 :
.051 ----z----- 1,2

380 -----& -----
375 -----do----- 3 g 4

.64 -----do----- 2 -----do----- w
?2

3 555
.064 ------z--- 1,2 -----do-----
.064 -----%-—-- 2 : %

510
%Q -----do----- 5P

Xv’atlel@l,5/16W. —

1.051 SatiBfaotory2 39 Sathfaotory 565 600
.Opl -----do ----- 2 3P ----*----- :
.qL

%5 %5-.--.~-..-. 2 3-P ----+0---”- 3 w 470

.064 -...-&..-.. 2 @o -----do-----

.064
555....*..... : 515 k?

.081 -----do----- 3
% z= : g g

.....
.081 -----do----- 2 -----
.08~ ...-+..... 2 840 3 m

.Ogl -----do----- 2 975 ----*----- 640

.Ogl ....*-...- 2 860. ...-+----. : g

.Ogl
m

do-----..... 3 5%

.m ..-.*----- 2 w do-----..... 3 615 630

.I.02 -----do----- 2 w ....*..... 3 575

.102 -----do----- 3 95Q &...-...... 3 @ %

.
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T-421X2

0 TESTFWULB ~ Am~ 17S=TRmXm MAcEIm+mlmRmm
RIVETD

m W-T 22X2T.
IMmm, 7/32Iwm.

I

Shear

A~8al ~of Ilo%ilw%!’Yield
before fall.ure

sheet
hiolmem

(In.)
ted I (a) IPerrivatparrivet(lb) (lb)

Rivet lm?g 1/4 b.
I

3atit3raatcuy
....+.....’
-... .....

.... -----

....*.....
-... .....

.... ... .

.... .....

.... -----

....*.... .

....*.....

.-.. -----

do..... .....
-----dO-----

+---- -----
-----Do-----

....*.... -
slK&,
-dO--
-dO--

1
1
1

1
1
1

Satisfaat.alq
.. .. .....
..... ....

m
S?93
310

~

kp

765
m
7P

E

&5
7P
m

&o
&o
89

I.020
.020
.0a3

.032
SO*
.oy2

.040

.040

.040

.W1

.051

.051

.064

.064
,06k
.064

.I02

.D2

.IM

.I.02

---- . . . . .

7
1,2

....*..... 1,2

....+...... 1,2

1
1
1 I

.......... 2

. . . . . . . . . ~

. ...+..... 2

. . . . . . . . . 3

.....&..... 3

....*..... 3

1,2
1,2
1,2

. ...*.....

.-. +---- ;. ...*..... 3

7@
6?3
93.0

2
1,2
1,2
2

Shmt
-dO--

3,
3
3

2
2
2
2

720
w
740

I
).020
.G20 RSatiflfaotory.G20 $! I

Satiefaotary 1--+...... 1
..... ..... 1

aso
263
254

1
1
1

.O* vSatiafaow

.032 . ...*.... -

.032 -----dO -----

.051 . . . . .. . . . .

.051 -----dO-----

.o~l -----dO-----

.064 ....*.....

.064 ....*.....

.064 -----dO-----

.064 ..... .....

.081 ....+.....

.081 -----dO-----

.Oal -----dO-----

.091 ....*.....

.091 ..... ......

.091 -----do-----

1
1
1

265
21!II
225

. ...*.... . ~
---- -do . . . . . 1
---- . . . . . 1

1
1
1 I

-...-&..-.. 3
....*..... 3
....*..-.. ~

735
745
7bl

420
4&

-do---- ----- 3
+---- ----- 3...-*..-.. ~

2
2
1,2
1,%?

2
1,2
1,2

. ..- +0 . . . . .

I

3
....*..... ~
-----da----- 3

2
2
2 :117

---------3
lm5 ..-.*..-.. 3

&----------- 3

7&

%
a
Fafluretypemidentiffed in rigs. 6 to8.

NATIONALAWISORY
WMMITTC3m A3wmmcs .
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9

mm 2- mntimwd.

‘ESTRENL12.IUXZT~, ~f~ IIWE.-Oimtinued.

Tensicm SEe=

Sheet A~aal q-&w Of Ikxi=nn A~sel me of Yi61d
thlaknem betare fdlnra land hfme rtiti load W

(in. )
‘t8Bt pr tint t9at ~ rivmt

(a)
~r rivet

(lb) (a) (n) (lb)

Rivet length,~8 in.

0.020
.020
.020
.020

.032

.032

.032

.051

.ml

.o~l

.064

.06b

.06k

.081

.Oal

.Oal

.1o2

.1o2

:s

.12q

.E25

.125

.1*

.156

.1$

.156

0.Oba
.04Q
.Obo

.064

.Oa

.06+

.081

.081

.081

.091

.W1

.gl

.los

.ID2

.Im

.125

.125

.125

.u6

.1*

.156

---- . . . . .
. ..- . . . . .

. . . . -----
-----d9-----

. . . . . . . . .

..-. . . . . .
-... . . . . .

---- . ----
..-. . . . . .
. . . . . . . . .

-.. . . . . . .
. . . . ----
..-. . . . . .

Shin.’t
--do-

SAtiefaaw

short
--dO-
--dO-

1
1
1

1,2
1
1

1,2
1,2
1,2

2
2
2

2

:

2

2

2
2
2

2

:

~ 1
1

*- 1

-dO- 1
-dO- 1
-do- 1

SatlBfacta-y 1,2
~ 1

. 1

Satlsfactcmy
.-..* ---- :
.-.. +-.... 2

.-_+ ._. - 2
-... .-.. 1,2
-...* ----- 2

--- ----- 3
..... .....
-.-+ ---- i

-
Satisfaaq

short

Satiefacta
M#3.

Sauefacta
....*.-.
----do ----

-.. *O-..

-----do---
---+-..

---- ----
-do.... .. .

---- ----

. ..- .-.
---- ----
---- ----
--* O.-.

---- ----
2h0rt
.*-

--dO-
--dO-
--dO-
-*-

Slvet length,7/16in.

1“

1
1
1
1

%
-10-

-dO-

-dO-
-dO-
-dO-

-dO-
-dO-
-dO-

Satfefaoteq
--+-..,
-... ....

..-* ---
-...* o---

-----dO---

.-.. ....
-.-+ ....
----+3-—-’

Skrt
--dO-
-40-

1

i

;
3

3
3
3

3
3
3

3
3
3

3

:

3
3

~

—.
.—

%.11.nre type. identified h figs. 6 b 0.

EA5mSALmm2asy
~Q’u’mmm AZSOSALIUC9

I

.-— -—
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TARLE 2- Conoluded.

TEST RESULTS. Rm DIAME!I!KR,~/32 IIJOR.- Concluded.

Teneion Shear
Sheet

thioluleaeAppraisal me of llexlmm Ap~aleal T~ of Yield
hfore failllre load before

kxilman
load

tmst
faimre load

(in. )
per rivet +a3t

(a) (lb)
per rivet per rivet

(a) (lb) (lb)

Rivetlengti,1/2in.

0.020 ~ 1
%

~ 1 $xX
.020

145. 1
.020 -do-

155 lb
: 75 -do- 1 W5, 145

.Op ‘do- 1 140 -do- 1

.0~ *o- 1
36 440

195 -&- 1
.Op -do- 1

240
155 -do-

3%
1 250 3%

.o~l -do- 1 %5 -&- 1,3 2

.051 -do- 1 ‘do- ~
530

3 2
.051 -aO-

650
1 260 “&- 3 600

.064 -do- 1,2 3Q5 -do-
Slcl *O- 1 m -do- : ; g

-do- 1 6m -do- 3 265 m

.Oal -do- 3 710 -do-

.081
3

-do- 1
740

-do-
935

.083. lZ
3

*-
m

3 -do- 3 $l? m

.091 6atimfaotory 2 lol.Q -do- 3 640

.091 w 1 g !3ati8fac~ 3 630

.091 -do- 1 -----do----- 3 740
~

-do- 1 %’5 815
:%

3
-do- 3 139 satiarao~

.lce
3

-do- 1 “w ----*----- .3 1% !?!s

.125 Satiefaoixmy 2 lqlo do..... ----- 3 8M -

.125 do----- ----- 2 1!+73 do----- . . . . .

.E2’5
3 910

-----do ----- 2 1365 -----ao ----- ?w
950

. 3 95

.1$ -----do ----- 3 195 -----do ----- 3

.156 -----do ----- 3 141.O 3 g %

.156 -----do ----- 3 1363 -----do ----- 3 1ooo
.
%.ilure types identifted ti figs. 6 to 8.

NATIONAL ADvm3RY
00MMITTEEIOR AERONACFIXOS
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5YaIE 3

‘EST REWLTSm AGE-EARlmaD
. —

1P-T RIVETSMAtiko
2svm D

Uwlhsm& I!i 75S* SHEET. ,
IM4Elm, 3/16 INCH.

Teneion Shear

Sheet APlsel
thhknese

Type of I.!! Appraisal
before

m of Yield
failure lead

WUim’llm
before failure load

test
load

(in.)
per rivet test

(*)-. .. P) ---

per rivet
(a) (lb)

perrivet
(lb)

Rivet length,1/4 m.

0.020 Sa%ief aotay 1 Satiefaotary 1
.02a -----do----- 1
.020

18

-----do -----
-----do ----- 1

1 la
% z

.-..+--- . 1 270 2p

.032 -----do ----- 1 283

.032

1,2

-----do----- 1 240
* Sb

-...+..-... 1
.Op -----do----- 1 235 ...-*..... 1,2 % %

.051 ----do----- 1,2 -----do----- 1,2

.051 -----do----- 1 ?$ -----do----- 1,2
9&l geo

.051 -----do----- 1 w
1000 ‘lm~....*-.-.- 1,2 910 955

.081 short 1

.Oal -do--
m

1 285 Short 1,3 475 K@O
.Oal -do-- “1 -dO--

980 3 lop @xl
.Oal -do-- 1 @o

,40-- 3 loyl S&O

.3.02 -do-- 2

.I.02
%70 -dO--

-do-- 2
7$ 1.070

.102
-do--

-do-- 2
2,3

%’
1050

.102
-Qo--
-do-- : ;%?) %

Rivetle~, 5/16In.

0.020 Satit3factory 1 satdsfaotcl~ 1
.020 -----ao--—— 1 ti?

m
-----do ----- 1

qo

.020 -----do ----- 1 160
245 250

-----do ----- 1 m WJ

.032 -----& ----- 1 250

.032 -----do -----
-----do----- 1

1 245
540 540

.032

1

-----do ----- 1 225 -----do ----- 1 $: %

.0443 ----do----- 1 w 1

.040 -----ao ----- 1

.04JJ
30

‘----do-----
-----do----- 1

1 m -----do----- 1 g
~

.040 do----- ----- 1 w

.051 -----do ----- 1,2

.051
m

-----aO -----
-----do ----- 1

1,2 MO -----do----- 1,2
*

.051 -----aO ----- 1,2
El

-----do----- 1
S’m

.051 -----do----- L,2 z
935 1o1o

.064 -----do-----, 1,2 m

.064 -----do-----
-----do----- 3

1,2
E

U&

.064 -----aO---’-
-----do ----- 3

1,2
ga 106CI

.---+ o----- 3. 12’p 1.170
s
‘Failuretypes Identifiedti figs.6 b 8.

-—

.
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mm 3 - Caacludet

TE2T222ULTS. RIVETD~, 3/16IMX.- CWCIIXLA,
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Figure 1.- Tensile specimen.
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figure6.- Type 1 failure; countersd head pulls, through sheet.
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Fig. 14d NACA TN No. 1205
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